Echocardiographic studies were performed in 86 patients with right ventricular volume overload. In 45 of these 86 patients, 58 echocardiograms were performed at different intervals in the postoperative period. For control purposes, 60 normal subjects and 18 patients with right ventricular pressure overload were also examined. The right ventricular end-diastolic dimension (RVED) and the left ventricular end-diastolic dimension (LVED) were measured on the echocardiograms. The RVED/LVED ratio was significantly elevated in patients with right ventricular volume overload. In all groups, a RVED/LVED ratio above 0.65 was usually associated, yith an abnormal everal authors have described the echocardiographic features of right ventricular diastolic volume Anterior septal motion and increased right ventricular diameter index have been reported in atrial septal defects, anomalous pulmonary venous returns, tricuspid insufficiency, as well as in other conditions. Many mechanisms have been proposed to explain the abnormal septal motion associated with such conditions. There were recent suggestions that this abnormality results from changes in the geometry of cardiac ~tructures;~ however, a comprehensive explanation, including reasons for which paradoxic septal motion may persist after surgical correction of the underlying defects, has yet to be found.
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Anterior septal motion and increased right ventricular diameter index have been reported in atrial septal defects, anomalous pulmonary venous returns, tricuspid insufficiency, as well as in other conditions. Many mechanisms have been proposed to explain the abnormal septal motion associated with such conditions. There were recent suggestions that this abnormality results from changes in the geometry of cardiac ~tructures;~ however, a comprehensive explanation, including reasons for which paradoxic septal motion may persist after surgical correction of the underlying defects, has yet to be found.
The purpose of this study was (1) to review our preoperative and postoperative echocardiographic data in patients with right ventricular volume overload, ( 2 ) to examine in these patients the relationships of the right and the left ventricular cavities as compared to normal subjects and patients with right ventricular pressure overload, and ( 3 ) to suggest a comprehensive explanation for abnormal septal motion.
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Reprint requests: Dr. Dumesnil, bec Heart Institute, 2725 e Chemin Ste-Foy, Quebec 10, Que c, Canada motion of the septum; and on this basis the subjects with abnormal septal motion could clearly be separated from those with normal motion. After surgery, significant r e ductions of the RVED/LVED ratio were observed in patients whose septal motion reverted to normal. The RVED/LVED ratio remained significantly higher, usually above 0.65, in patients with persistent abnormal s e p tal motion. These findings suggest that the relative sizes of the right and left ventricular cavities are probably major determinants of ventricular septal motion. Abnormal motion may result from a change in the end-diastolic shape of the septum.
Two hundred and twenty-two echocardiograms from four groups of subjects were reviewed for this study. The first group was composed of 60 normal subjects who served as controls. These volunteers were mainly medical students, housestaff, or paramedical personnel with no clinical evidence of cardiac disease. The age range for this group was 16 to 39 years (mean, 2.5 years). Croup 2 consisted of 18 patients with right ventricular systolic pressure overload. Their age range was 3 to 50 years ( mean, 25 years). The following defects had been found at cardiac catheterization: tetralogy of Fallot, three patients; ventricular septal defect and pulmonary stenosis, three patients; isolated pulmonary stenosis, six patients; m i d stenosis and severe p h onary hypertension, six patients. Their peak systolic right ventricular pressures ranged from 80 to 130 mm Hg. The third group consisted of 86 patients aged ten days to 63 years (mean, 21 years) with atrial septal defect or anomalous pulmonary venous return, or both. All subjects had a left-toright shunt at the atrial level proven by cardiac catheterization. Their pulmonary-to-systemic flow ratio as determined by oximetric analysis ranged from 1.1 to 3.1. In most patients, including all those with pulmonary-to-systemic flow ratios less than 1.5, the shunts were further confirmed by the use of one or more of the following techniques: dye-dilution curves, hydrogen curves, or angiographic studies. Systolic pulmonary arterial pressures averaged 32 mm Hg ( range, 20 to 75 mm Hg), and seven patients had pulmonary arterial pressures above 50 mm Hg. Included in the fourth group are 45 of these 86 patients who underwent surgical correction of their defects and in whom 58 echocardiographic examinations were performed at different intervals in the postoperative period.
Echocardiograms were recorded with a commercially Echocardiographic data from the four groups of subjects are shown in Figure 3 . Considering the magnitude of the RVEDILVED ratio in all groups, there is a clear separation between subjects with normal septal motion and those with abnormal motion. Very little overlap of the distribution of values is present, abnormal septal motion being observed in all patients with a RVEDILVED ratio above 0.65. On the same basis, but with less specificity, patients with type A septal motion can be discriminated f k m those with type B motion. shown small left-to-right shunts (pulmonary-to-systemic flow ratios of 1.1, 1.1, 1.3, and 1.5) . As iUustrated in Figure 4 , there was a gross correlation between the size of the left-to-right shunt at cardiac catheterization and the magnitude of the RVED/ LVED ratio on the echocardiogram; however, s e p tal motion was much more clearly related to the magnitude of the RVEDILVED ratio than to shunt size.
Forty-five patients were studied again after surgical correction of their cardiac defects. Figure 5 illustrates the time and sequence of these examinations. Twenty-six patients exhibited normal septal motion on the first echocardiogram performed after surgery. The RVEDILVED ratios were below 0.65 in all cases and were sigdcantly reduced when compared to preoperative values. The RVEDI LVED ratio remained significantly higher in the 19 patients with persistent abnormal septal motion (four with type A and 15 with type B).
Multiple postoperative examinations were performed in 13 patients. In three of the 13 patients, septal motion was normal on the first postoperative study and remained normal on following examinations, moderate decreases of the RVEDILVED ratio being observed. In six patients, septal motion was abnormal on the first examination but later reverted to normal. This finding could be related to significant reductions of the RVEDILVED ratio, usually below 0.65. In the remaining four patients, abnormal septal motion persisted for more than one year after surgery, and significantly higher RVEDILVED ratios were observed.
Eight of the 45 patients studied after surgery had persistent abnormal septal motion and an increased RVEDILVED ratio more than six months after the surgery. Four of the eight patients were known to have residual shunts because of incomplete surgical repair of an associated anomalous pulmonary venous return. The four remaining patients had no distinctive features to account for the persistence of abnormal motion.
The characteristic echocardigraphic features of right venticular volume overload were confirmed in this study. As previously not ed: -' septal motion may be either normal or abnormal after surgical correction of the underlying defects, and reversion to normal is usually related to a significant decrease of the right ventricular end-diastolic dimension; however, the pathophysiologic mechanisms determining septal motion in such conditions are not readily apparent and have stimulated considerable interest and disc~ssion.~,~ Diamond et all have suggested that the abnormal septal motion accompanying right ventricular volume overload is a manifestation of unequal stroke volumes, the right ventricular stroke volume exoeeding the left ventricular stroke volume. Meyer et a14 proposed a slightly different mechanism; they believed that the motion of the septum was anterior because the anterior movement of the heart as a whole exceeded the normal posterior motion of the septum. Both a posterior displacement of the septum by a dilated right venticle and an increased right ventricular stroke volume were thought to be responsible for the excessive anterior movement of the heart. These same authors also suggested that after surgery the magnitude of changes in the right ventricular diameter index could discriminate between patients whose septal motion became normal and those with persistent abnormal motion; however, only the relative changes occurring in a given patient and not the absolute value of the right ventricular dimension could be used in this discrimination. Kerber et al-ere unable to confirm this finding. In their study, the measurements of right ventricular dimension were not useful in distinguishing between patients with various types of septal motion.
In the present study, the RVEDILVED ratio was calculated in order to better appreciate the relative dimensions of the right and left ventricular cavities in patients with either normal or abnormal septal motion. In all groups of subjects, this variable could be used with very high specificity to discriminate between patients whose septal motion was normal and those with abnormal septal motion. On the same basis, patients with type A motion could be separated from those with type B motion.
Angiographic studies7p8 have shown that in normal subjects the right ventricular end-diastolic volume (RVEDV) is approximately equal to the left ventricular end-diastolic volume ( LVEDV ) ; however, in patients with atrial septal defects, the RVEDVILVEDV ratio is significantly increased ( > 1.0) and may remain elevated up to one year after surgical cor~ection.~ These findings can be related to the findings of the present study. Because the right and left ventricles have different shapes and because of the path of the sonic beam, the echocardiographically recorded right ventricular dimension is normally smaller than the left ventricular dimension. Our group of normal subjects had a mean RVEDILVED ratio of 0.33, which is in close agreement with previous ~t u d i e s .~ A significant increase of the right ventricular dimension is consistent with right ventricular dilatation, and an elevation of the RVEDILVED ratio probably indicates that the volume of the right ventricle is greater than the volume of the left ventricle.
In interpreting our results, there is, therefore, a strong suggestion that anterior septal motion is related to conditions where the diastolic volume of the right ventricle exceeds that of the left ventricle. The relative stroke volumes do not seem to have much iduence, since the same relationship can be observed both in patients undergoing surgery and those without surgery. In the group undergoing surgery, where the stroke volumes are assumed to be equal, six patients initially had abnormal septal mo- tion which later reverted to normal. In all cases, reversion to normal was associated with significant decreases of the RVEDILVED ratio. These observations are probably indicative of the mechanisms determining septal motion, both in the normal and diseased heart.
In the normal heart (Fig 6) , because of the high pressures of the left ventricle and because of the different anatomic shapes of the two ventricles, the septum bulges convexly in a right anterior direction.1° As the septum shortens during systole, posterior motion is, therefore, observed on the echocardiogram. In patients with right ventricular volume overload, the right ventricle becomes dilated, its volume exceeding that of the left ventricle. Consequently, there will be changes in the anatomic shapes of the two ventricles; and, according to Laplace's law, wall tension on the right side of the ventricular septum should be increased. The septum will probably be displaced posteriorly and bulge convexly in a posterior direction (Fig 7) . If such was the shape of the septum at the end of diastole, the motion of the septum during systole would, therefore, be anterior and towards the right ventricular cavity. Because the right ventricle is normally elongated and flattened over the convexity of the left ventricle, true inversion of the end-diastolic curvature of the septum probably occurs only when there is significant dilatation of the right ventricle. Flattened s e p tal motion could, therefore, be consistent with a more intermediary position of the septum at the end of diastole. It is likely that after surgery, reductions in right ventricular size are gradual so that the anterior septal motion.rnay persist for a certain time. Our observations, i s well as previous findings by others, can be explained on the basis of this mechanism. More direct studies of the end-diastolic shape of the septum in different conditions will probably be necessary to confirm this hypothesis.
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